Prenatal health care interventions are effective ways to improve maternal and neonatal health. There have been few large investigations conducted on the inequalities in maternal health services utilization in Shaanxi Province of west China since the health care reform in 2009. This study examined the inequalities and determinants of maternal health services utilization in Shaanxi Province. A household survey was conducted from August to November in 2013. By using a multistage sampling method, local women aged 15-49 who had given birth in the preceding three years were recruited. Information including social-demographic characteristics and maternal health services utilization was collected through a face-to-face interview. A concentration index approach was used to measure inequalities in maternal health services utilization. A logistic regression model was employed to investigate the determinants of maternal health services utilization. There were 8,488 women from urban areas and 18,724 women from rural areas enrolled in this study. The concentration index for all the indicators of maternal health services utilization showed significance in these two areas. In urban areas, the concentration index of having 5 or more prenatal visits, receiving the first prenatal visit within 12 weeks, delivering at secondary-or higher-level health facilities and delivering by C-section were 0.0356, 0.0166, 0.0177 and 0.0591, respectively, while in rural areas, the corresponding figures were 0.0385, 0.0183, 0.0334 and 0.0566, respectively. The determinants related to maternal health services utilization were women's age at delivery, educational level, employment status, parity, health problems during pregnancy and household income. Inequalities in maternal health services utilization still exist in Shaanxi Province. Providing maternal health services for younger, less educated, unemployed, high parity and poorer women, especially in rural areas, is expected to reduce the inequalities in maternal health services utilization.
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Introduction
Maternal and neonatal health can be improved through the utilization of maternal health services such as prenatal visits [1] . As recommended by the World Health Organization (WHO), all women need access to health services such as prenatal visits, skilled birth attendant and postnatal care visits [2] . Several studies have indicated that skilled health care interventions can reduce the rate of maternal and neonatal mortality by preventing or managing complications during pregnancy and childbirth [3, 4] . However, maternal health services utilization in developing countries, particularly in rural areas, was unsatisfactory [5, 6] . Study in 54 middleincome countries showed that the overall coverage of four or more prenatal visits was only 49.5% [7] . Poverty and lack of health care resources are the main factors that prevent women from receiving adequate health care services during their pregnancy and childbirth [2] .
Economic development in China varies significantly across different regions. Compared with the Eastern provinces, economic conditions and health services are relatively underdeveloped in Western provinces [8, 9] . According to the Sixth National Population Census of China in 2010, Shaanxi Province had approximately 37 million people [10] . Previous studies in maternal health services utilization were only conducted in a small number of regions of Shaanxi Province that were of small sample size [8, 11] . The findings from these studies are therefore limited and not able to reveal the overall maternal health services utilization status in Shaanxi Province. The Chinese government carried out health care reform in 2009, with a focus on promoting basic public health services, including allowing urban and rural residents to have equal opportunities to gain access to maternal health services [12] . To the best of our knowledge, there are few, if any, large investigations of the inequalities in maternal health services utilization in Shaanxi Province since the health care reform. In this paper, we aimed to explore the status of inequalities and the determinants of maternal health services utilization in Shaanxi Province. This paper will provide useful insights into the development of effective health care intervention programs and policies in Shaanxi Province.
Methods

Design and sample
From August to November of 2013, a cross-sectional study was carried out in Shaanxi Province, Western China. According to the proportion of urban to rural residents in Shaanxi Province, women who had given birth in the preceding three years were enrolled in this study by using a stratified, multistage and random sampling method. The specific details of the sampling method are described elsewhere [13] . Trained skilled investigators (Ph.D. or medical students) and teachers as well as the local health staff in charge of maternal and child health information collection formed the interview teams. By using a structured questionnaire designed by the Xi'an Jiaotong University Health Science Center, information regarding the social-demographic background and status of maternal health services utilization was collected through a face-toface interview. Each interview lasted for an average of approximately 30 minutes.
Statistical analysis
Data were double-entered using Epidata version 3.1 (the Epidata association, Odense, Denmark).
For continuous variables, the descriptive data on characteristics of the participants were summarized using mean±SD and compared by a Student t test for two groups; for categorical variables, the descriptive data were summarized using counts and proportions and compared by a χ 2 statistical test.
Indicators of maternal health services utilization. According to the recommendation of Chinese Ministry of Health, women should have at least five prenatal visits during pregnancy. In our study, maternal health services utilization was measured in four perspectives: the number of prenatal visits (1: !5 prenatal visits; 0: <5 prenatal visits), initiation of the first prenatal visit (1: 12 weeks; 0: >12 weeks), place of delivery (1: delivery at secondary-or higher-level health facilities, 0: delivery at health facilities lower than secondary-level), and mode of delivery (1: C-section; 0: vaginal delivery).
Measurement of inequalities in the utilization of maternal health services. We used the concentration index (CI) to measure the inequalities in maternal health services utilization. The CI is a measure that quantifies the degree of economic-related inequality in health variable. The CI was proposed by Wagstaff A et al. and was calculated as twice the area between the diagonal and the concentration curve [14] . It can be obtained using the following formula:
where C stands for the concentration index, h i is the maternal health services utilization index, μ is the mean of the maternal health services utilization index, and r i is the fractional rank of individual annual household income distribution. The greater the absolute value of the CI, the more the inequality. A value of CI of 0 indicates no inequality in maternal health services utilization. If the CI>0, it means the maternal health services utilization is pro-rich. If the CI<0, it suggests it is pro-poor.
Multivariate regression analysis of the determinants in the utilization of maternal health services. The urban and rural classification in this study was defined by the geographical location. We used logistic regression analysis to explore the determinants of maternal health services utilization in urban and rural areas separately. In the data analysis, the following covariates in quantifying the inequalities of maternal health services utilization were considered: maternal age at delivery (<25, 25-29 and !30 years old), maternal education (senior high school or higher, junior high school, primary school or lower), maternal employment status (employed or unemployed), parity (1, !2), health problems during pregnancy (yes or no) and annual household income (poorest, second poorest, middle, second richest and richest). We report the odds ratio (OR) along with its 95% confidence interval for each of the factors. All data analyses were performed using Stata 12.0 (Stata Corp., Collage Station, TX, USA).
Ethics statement
This study complied with the Declaration of Helsinki and was approved by the Ethics Committee of Xi'an Jiaotong University Health Science Center (NO. 20120008). Prior to each interview, the consent form was read and explained to each of the participants by the investigators. The interviews were conducted after obtaining the consent form with the participant's signature or fingerprint (only for participants with apparent low literacy). Table 1 shows the baseline characteristics of the participants classified by area. In total, 8,488 women in urban areas and 18,724 women in rural areas were enrolled in this study, after excluding those who had multiple births (n = 349) and those with missing annual household income (n = 2378). The mean age of the 27,212 women interviewed was 27.0 (SD 4.7) years. Compared with women in urban areas, women in rural areas had a lower proportion of childbirth between 25 to 29 years old (P<0.001). These women were less educated and less likely to be employed, and they were also poorer (all P<0.001). For the parity, women in rural areas were more likely to have two or more parities compared to their urban counterparts (P<0.001). There was no significant difference in the distribution of health problems during pregnancy between the two areas (P = 0.064). Table 2 describes the differences in the percentage of maternal health services utilization by income groups in urban and rural areas. The proportion of women who had at least 5 prenatal visits in urban areas was significantly higher than that of women from rural areas (81.7% vs. 60.7%, P<0.001). Approximately 90% of women in urban areas started their prenatal visits within 12 weeks and delivered at secondary-or higher-level health facilities, while the figures for rural areas were approximately 85% (P<0.001, for both). The proportion of women delivered by C-section in rural areas was lower than in urban areas, and the difference was significant (28.7% vs. 44.6%, P<0.001).
Results
Baseline characteristics of pregnant women in Shaanxi Province
Maternal health care utilization by urban and rural areas
For the distribution of these indicators, an economic gradient was evident in each region. The highest proportion of 5 or more prenatal visits, the first prenatal visit within 12 weeks, the secondary-or higher-level health facilities delivery and the C-section delivery were seen in the richest group in both urban and rural areas. Table 3 shows the CI with 95% confidence interval for each measurement of the maternal health services utilization in urban and rural areas. Significant inequalities in all the indicators of maternal health services utilization were found in these two areas. The positive value of the CI for these two areas suggests it was pro-rich. The CI of having 5 or more prenatal visits was 0.0356 (95% confidence interval: 0.0299, 0.0416) in urban areas and 0.0385 (95% confidence interval: 0.0320, 0.0454) in rural areas. Similarly, the indicator of receiving the first prenatal visit within 12 weeks shares the same inequality pattern between urban and rural areas. Of these indicators, the CI of delivering at secondary-or higher-level health facilities had the greatest difference between urban and rural areas, and the absolute value of this difference was 0.0157. The strongest economic inequality was seen for C-sections, which was 0.0591 in urban areas and 0.0566 in rural areas. Table 4 presents the OR of maternal health services utilization with 95% confidence interval from the logistic regression analysis in urban areas. Compared with women who gave birth before 25 years old, older women were significantly more likely to have 5 or more prenatal visits, a delivery at secondary-or higher-level health facilities and a delivery by C-section. Women with a higher education level were consistently more likely to utilize maternal health services and deliver by C-section than those with primary school or less. For instance, women who completed senior high school or above were 5 times more likely to have 5 or more prenatal visits and 2 times more likely to receive prenatal visits in the first trimester. Our findings specify that employed women were more likely to have adequate prenatal visits (OR = 1.45, Compared with primipara, women with two or more parities were 30% less likely to have 5 or more prenatal visits, to receive their first prenatal visit within 12 weeks, and to deliver at secondary-or higher-level health facilities as well as were 10% less likely to deliver via C-section. In addition, the presence of health problems during pregnancy had a modest association, with !5 prenatal visits (OR = 1.16, 95% confidence interval: 1.03, 1.31). Women from the poorest households were 57% less likely to deliver at secondary-or higher-level health facilities.
Inequalities in maternal health services in urban and rural areas
Multivariate logistic regression of maternal health services utilization in urban areas
Multivariate logistic regression of maternal health services utilization in rural areas Table 5 presents the OR of maternal health services utilization with 95% confidence interval from the logistic regression analysis in rural areas. Older women were more likely to have 5 or more prenatal visits and to deliver by C-section. Women who completed senior high school or above were almost 2 times more likely to have adequate prenatal visits, to receive prenatal visits in the first trimester and to deliver at secondary-or higher-level health facilities than women who had attended primary school or had not attended school. We observed that women's employment status was only related to mode of delivery, and employed women were 23% more likely to deliver via C-section compared to unemployed women (OR = 1.23, 95% confidence interval: 1.13, 1.33). Women with two or more parities were approximately 30% less likely to have !5 prenatal visits, to start their first prenatal visit within 12 weeks, to deliver at secondary-or higher-level health facilities or to deliver by C-section than women with only one parity. These results also indicate that women with health problems during pregnancy were more likely to have 5 or more prenatal visits (OR = 1.23, 95% confidence interval: 1.16, 1.31), to receive their prenatal visits in the first trimester (OR = 1.21, 95% confidence interval: 1.12, 1.32), and to deliver by C-section (OR = 1.24, 95% confidence interval: 1.16, 1.33). Similar to urban areas, rural women from poorer households were consistently less likely to deliver at secondary-or higher-level health facilities. For instance, women from the poorest households were approximately 50% less likely to deliver at secondary-or higher-level health facilities than those from the richest households (OR = 0.51, 95% confidence interval: 0.44, 0.60). 
Discussion
The coverage of maternal health services utilization in Shaanxi Province
In this large population-based study, we examined the coverage, disparities, as well as the determinants of maternal health services utilization in urban and rural areas of Shaanxi Province. Our findings showed that the coverages of having adequate prenatal visits, receiving the first prenatal visit within 12 weeks, delivering at secondary-or higher-level institution and delivering by C-section in urban areas were higher than those in rural areas. A study conducted in Southern and Northern areas of China suggested the same finding with our study [15] . The proportions of having adequate prenatal visits, receiving the first prenatal visit within 12 weeks and delivering at secondary-or higher-level health facilities in our study were higher than those in other developing countries such as Ethiopia and Africa, and were also higher than those of previous studies reported in Shaanxi Province and Western China [8, [16] [17] [18] [19] [20] [21] . This suggested that the coverage of maternal health services utilization has been improved after years of development, which is consistent with the result of a study comparing the inequality status of maternal health services utilization before and after health care reform in Shaanxi Province [11] . The rates of C-section in our study exceeded the WHO recommended level and were also higher than those from other studies in Bangladesh and African sites [22, 23] . The high prevalence of C-section showed that some surgeries were likely to be clinically unnecessary.
The inequalities of maternal health services utilization in Shaanxi Province
The main purpose of health care reform is to promote equal basic public health services and to reduce the gap in access to health services in rural and urban areas. The Chinese government has adopted a series of measures, such as implementing subsidies for institutional deliveries in rural areas, to improve maternal and child health care [24] . However, our finding indicated that the inequalities in maternal health services utilization existed in current system and maternal health services utilization was pro-rich both in urban and rural areas, which is consistent with the results reported in studies conducted on a rural area in Western China and two low social economic counties in Shaanxi Province [18, 19] . The CI of having 5 or more prenatal visits and receiving the first prenatal visit within 12 weeks in rural areas were higher than those in urban areas, which indicates the greater inequalities in pre-delivery services utilization in rural areas. This result is also in line with the finding of a study conducted in urban and rural areas of China [25] . We also found that the CI of delivering at secondary-or higher-level health facilities had the greatest difference between urban and rural areas. This might be caused by the unequal allocation of healthcare resources in urban and rural areas. The number of hospital beds per 1,000 people and the number of doctors and nurses per 1,000 people were much higher in urban areas than those in rural areas [26] . The difference could also be explained by the difference between the health care systems among urban and rural areas in China. In rural areas, China implemented the New Rural Cooperative Medical System (NCMS) in 2003. However, the effect of the NCMS on improving poor people's access to formal care was limited [27] .
The determinants of maternal health services utilization in Shaanxi Province
Epidemiological evidence showed that social-demographic characteristics and pregnancy health conditions were factors contributing to maternal health services utilization. We found that, as women had greater age at delivery, they were more likely to have adequate prenatal visits, to deliver at secondary or higher-level health facilities and to deliver by C-section. Previous studies in Central and Eastern China as well as Cambodia also indicated this association [28] [29] [30] . Both in urban and rural areas, women with a higher education level were more likely to utilize maternal health services and to deliver by C-section. Similar results were found in the developing countries of Bangladesh, Uganda and Nepal [5, 31, 32] . This outcome may be because highly educated mothers had more knowledge of prenatal visits and tended to realize the benefits of adequate prenatal visits and attendance in the first trimester [33] . On the other hand, some scholars believed that in developing countries, C-section was considered more luxurious than vaginal delivery at the social level [34] . The present study revealed that employed women were more likely to have adequate prenatal visits, to start their first prenatal visit within 12 weeks and to deliver by C-section. These findings were in line with those from studies in South Africa and China [21, 28] . A possible interpretation was the inability of unemployed women to meet the costs associated with prenatal visits and C-section. In this study, parity was one of the important predictors in determining maternal health services utilization. We found that women with higher parity were significantly less likely to use maternal health services and to choose C-section, which are consistent with other findings [30, [35] [36] [37] [38] . These results might be that women with higher parity were more likely to rely on the previous pregnancy experience and felt there was no need to use maternal health services. On the other hand, multipara women may have been more capable of dealing with the difficulties of labor, therefore, they were less likely to choose C-section compared to primipara [39] . One important finding of our study was that women who had pregnancy-related health problems were more likely to have adequate prenatal visits and to deliver by C-section. The result agreed with the Ethiopian and Chinese authors [28, 40, 41] . This could be explained by the fact that the health care utilization during pregnancy often occurred after developing some health problems [40] . Poor economic status was a determinant of inadequate prenatal visits and reduced likelihood of delivering by C-section [42, 43] . Our study also indicated that, both in urban and rural areas, poorer women were less likely to deliver at secondary-or higher-level health facilities. In addition, in urban areas, we found that women with worse economic status were less likely to have adequate prenatal visits and to deliver by C-section.
Limitation and strengths
The strength of this study is the large sample size. According to the rates of urban to rural residents, the study was conducted by using a multi-stage stratified random sampling method. The inclusion of 27,212 pregnant women makes this study one of the largest studies on this subject in Shaanxi Province. Thus, the results reflected maternal health services utilization in Shaanxi Province and even can be generalized to the other areas in Western China.
It is important to discuss the limitations of our study. First, the data were self-reported by participants, and this may have caused a certain degree of recall bias, although the study showed that the reporting of the number of prenatal visits by women did not differ significantly from the number shown by the medical records [44] . We made efforts to minimize the recall bias; the survey was tested in a pilot study. According to detailed interviewer guides, all the interviewers from the Xi'an Jiaotong University received uniform training before the formal investigation. In addition, standardized questionnaires and detailed supporting materials such as calendars were used to collect the information for the investigation. Second, there were other sources of income, such as household production, that cannot be reflected by annual household income; therefore, it was not completely accurate to use annual household income to measure living standards. Third, owing to the limitation of the pre-specified questions in this survey, we only adjusted for social-demographic characteristics in the multivariate regression analysis. However, other potential confounders and unobservable factors were always of concern in the present study. Nevertheless, as the largest survey in Shaanxi Province, our results provided the status and the determinants of maternal health services utilization in this geographical region.
Conclusions
In general, the coverage of maternal health services utilization was higher than other regions of China and other developing countries. However, the inequalities in the utilization of maternal health services still exist in urban and rural areas in Shaanxi Province. Providing maternal health services for younger, less educated, unemployed, high parity and poorer women, especially in rural areas, is expected to reduce the inequalities in maternal health services utilization. 
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